Although numerous studies of the in hibitory effect of cadmium on the metabolism of hard tissues have been reported, the mechanism(s) remains obscure (1) (2) (3) . We reported previously that cadmium has an inhibitory effect on the spermidine synthetic pathway in polyamine metabolism in rat incisor pulp (4) . On the other hand, Ishizaki et al. observed a sex difference in the bone lesions induced by cadmium (5) . Johns et al. reported that male and female rats respond to cadmium differently (6) . Shearer et al. reported that cadmium caused increases in dental caries in female rats, but not in male rats (7) . The present study, therefore, was designed to explore the sex difference in the cadmium effects on pulpal polyamines in rat incisor.
Seven weeks-old Wistar rats were used. They were fed for a limited time (10:00 18:00) for 1 week before the experiments to exclude the feeding effect on pulpal poly amines (8) . At first, a time-course study of cadmium effect using either sex rats was carried out. They received cadmium (CdC12, 4X10-5 mol/kg) daily for 3 days, subcu taneously. Controls received physiological saline only. After the last injection, they were decapitated at different intervals. Another experiment was performed to study the effects of sex hormones on the cadmium effect using castrated male rats. Sex hormones, testosterone propionate or estradiol dipropionate, were suspended in olive oil and injected subcutaneously in a dose of 200 ucg per day for 1 week after castration. The castrated control group received vehicles only. For the last 3 days, cadmium (CdCl2, 4X10-5 mol/kg) was in jected subcutaneously every day. The cadmium injection site was largely cofined to one side of dorsal and separated from the hormones injection site. Six hours after the last injection, animals were sacrificed. In both experiments, animals were starved for 20 hr before sacrifice. The respective incisor pulps were removed immediately, and four pulps from each of the animals were homo genized together in 0.4N HC104. The poly amine extraction and separation procedures were carried out using Endo's method, except for a partial modification (9). The sample prepared according to Endo's method was applied to a phosphocellulose column (0.6x3.5 cm, capacity 0.99 mEq/g) equilibrated at pH 6.2. After the column was washed with 15 ml of 0.01 M phosphate buffer (pH 6.2), 12 ml of 0.1 M borate buffer (pH 8) and 3 ml of 0.1 M borate buffer, pH 8, containing 0.015 M NaCl, putrescine was eluted with 9 ml of 0.1 M borate buffer, pH 8, containing 0.1 M NaCI and spermidine was then eluted with 9 ml of 0.2 M borate buffer, pH 8, containing 0.3 M NaCI. Polyamines were estimated fluoro metrically according to Endo's method (9). All the data were analyzed statistically using Student's t-test, and significant difference between the mean value is indicated when the P-value was less than 0.05. Figure 1 shows the time-course of % changes of pulpal putrescine (Pu) and spermidine (Sd). Zero time means 24 hr after the 2nd injection of cadmium. Pulpal Pu content in male control rat incisor was 23.8±6.23 nmol/g of wet weight of pulp, and that for the 0 time group was 21.4+5.93 nmol/g. Six hours after the 3rd injection, Pu content showed a transient and significant increase, and the content (36.0±5.85 nmol/g) was about 150% of the control and about 170% of the 0 time group. On the other hand, Pu content of the female control was 21.7±6.11 nmol/g; that for the 0 time group (female) was 23.3±5.24 nmol/g, and 6 hr after cadmium injection, it decreased, but the change was not significant (18.5±6.43 nmol/g). Sd levels were not changed sig nificantly in the pulps from either sex. Figure 2 shows the effects of sex hormones on the cadmium effects on pulpal polyamines in castrated male rat incisor. nmol/g, and the cadmium injected animals' was 17.8±1.68 nmol/g. The changes of pulpal Pu levels of estradiol or vehicle injected groups were not significant. response of the rat dental tissues to cadmium (7, 12) . In the first experiment, when cadmium was injected, pulpal Pu levels of male incisor increased significantly, but Pu levels of female incisor did not change. In the 2nd experiment, cadmium induced the Pu increase in the incisor of testosterone treated castrated rats, but in the incisors of estrogen or vehicle-treated castrated rats, Pu was not affected significantly by cadmium. The results of this study suggest that estrogen or male gonadectomy can protect the dental pulps from the effects of cadmium. Gunn et al. observed the estrogen protective effect against the testicular damage induced by cadmium (13). Their finding is very interesting for studying the effect of sex hormones on cadmium. The mechanism(s) for how estrogen can protect the dental pulps from the effects of cadmium is now under investigation. Fig. 2 . Effect of sex hormones on °o changes of pulpal Pu (2a) and Sd (2b) in male castrated rats 6 hr after the 3rd cadmium injection. Tp: testosterone propionate-treated group, Edp: estradiol dipropionate treated group, Cont: vehicle-treated group. Each column shows the percentage of the pulpal Pu or Sd content (the mean+S.E.) in the incisors of cadmium injected rats to that of control rats, for 7 rats. The hached column of each group indicates controls, for 6 rats.
